Cardiovascular complications are the leading cause of morbidity and mortality in patients undergoing noncardiac vascular surgery. 1 There are several elements to the strategy of minimizing this risk. Pre-operatively, determination of the risk of myocardial infarction (MI) and death begins with a comprehensive evaluation of patient-based indicators of cardiac risk and determination of surgery-specific risks such as the degree of hemodynamic stress associated with the procedure. Current data suggest that in patients with stable coronary artery disease undergoing vascular surgery, pre-operative coronary revascularization does not reduce peri-operative risk for cardiovascular events beyond that accomplished by medical therapy. 2 Despite appropriate assessment and treatment, a small number of patients undergoing vascular surgery will suffer peri-operative MI and/or death.
Several techniques have been developed to monitor patients to discover myocardial ischemia in time to manage it effectively. Intraoperative and postoperative ST-segment monitoring, serial electrocardiography, and serial monitoring of myocardium-specific markers such as troponin or CK-MB have all been recommended as methods to detect myocardial ischemia/ infarction. The most recent ACC/AHA guidelines (published in 2002) recommend that the use of cardiac biomarkers be reserved for patients at high risk and in those patients with clinical, ECG, or hemodynamic evidence of cardiovascular dysfunction. 1 The appropriate application of these methods, particularly as a surveillance strategy, remains unclear.
Patients with postoperative troponin elevation are at markedly increased risk of having suffered a postoperative MI. The prognostic significance of a postoperative troponin elevation extends to both short-term and long-term mortality, although the data are not uniform. [3] [4] [5] [6] Martinez and colleagues sought to determine the optimal timing of postoperative surveillance troponin determinations in a prospective cohort of 467 high-risk patients requiring non-cardiac surgery, 90% of which was vascular surgery. 7 A strategy of measuring surveillance biomarkers on each of postoperative days 1, 2 and 3 appeared to be the most effective strategy, while checking biomarkers on any one day alone was not considered effective.
In this issue of Vascular Medicine, Mohler and colleagues seek to further understand optimal postoperative biomarker surveillance by performing an analysis "to determine if routine serial measurement of [cardiac] biomarkers should be done on the day of and after vascular surgery". 8 This analysis was performed in a study of 784 patients undergoing vascular surgery and at high risk for cardiovascular events who received a study drug in a placebo-controlled clinical trial of zoniporide therapy to reduce perioperative cardiovascular events, a trial that was discontinued early on the basis of therapeutic futility. 9 Surveillance cardiac biomarkers were drawn the day of surgery, as well as 24, 72, and 120 hours after surgery, and also 24 hours prior to planned hospital discharge. The goal of the present analysis was to examine the performance characteristics of cardiac troponin I (cTnI) and CK-MB measurements in predicting cardiovascular events after surgery.
In this type of analysis, the definitions utilized are critical and will therefore be elaborated. A positive cardiac biomarker (the exposure of interest) was defined as a cTnI Ͼ 3.1 ng/ml or CK-MB Ͼ two times the upper limit of normal with an index Ͼ 5%. A cardiovascular event (the outcome of interest) was defined as MI or cardiovascular death occurring up to 30 days after surgery. A new MI was defined as biomarker evidence of myocardial necrosis (CPK index Ͼ 5% or cTnI Ն 4.0 ng/ml) and one of the following: presence of left bundle-branch block, paced rhythm or non-specific ECG changes, or symptoms consistent with acute myocardial ischemia or acute coronary revascularization procedure. Cardiac death included sudden death, post-resuscitation, definite MI, possible MI, CHF, procedural death, primary intractable serious arrhythmia, or other cardiac death. These definitions were designed for the purposes of the clinical trial within which this analysis is conducted but are not optimal for the purpose of the present study. A consensus (ESC/ACC) definition of acute MI requires a typical rise and fall of cardiac biomarkers and one of the following: (a) ischemic symptoms; (b) development of pathologic Q waves on ECG; (c) ECG changes indicative of myocardial ischemia (ST elevation or depression); or (d) coronary revascularization. 10 To better understand the present data it would be helpful to know how often the individual criteria for MI were met. For example, how many patients qualified for MI on the basis of a paced rhythm? However, these data were not provided.
Of the 784 patients in the study, 83 had at least one qualifying event. Of the 83 patients with an event, 42 had a positive cTnI and 29 had a positive CK-MB. Of the 699 patients that did not have an event, 64 had a positive cTnI and 20 had a positive CK-MB. Thus, the performance characteristics can be delineated: cTnI had a sensitivity of 51%, a specificity of 91%, a positive predictive value of 40%, and a negative predictive value of 94%; CK-MB had a sensitivity of 35%, a specificity of 97%, a positive predictive value of 59%, and a negative predictive value of 93%. Interpretation of these performance characteristics is confounded by the fact that the definition of the event includes the exposure of interest.
The authors do not clarify the relative importance of sensitivity versus specificity. In other words, is it more important that impending events are detected early, or that they be accurately predicted without excess false alarm? That the authors place more importance on specificity (accurately predicted without excess false alarm) is implied by their choice of a threshold for cTnI of Ͼ 3.1 ng/ml. This threshold is highly specific for postoperative infarction, 11 but the prognostic implications of postoperative cTnI begin at a much lower threshold. 5 It is therefore not surprising that the results demonstrate better specificity than sensitivity. Despite choosing a threshold that encourages specificity, 50% more patients with a positive troponin did not have an event than did have an event. It should also be noted that CK-MB was more specific than cTnI in this study, in contrast to previous data and what would be expected based on the biology of these biomarkers. 4, 11 This may be due to chance, but it may be due to the problematic definition of MI used.
The problem with the poor sensitivity and positive predictive value becomes clear once the goal of perioperative cardiac biomarker surveillance is defined. While prognostic information is important, we would argue that, in order to be of significant benefit to patients, the positive biomarkers must stimulate the physician to take an action he/she otherwise would not have. All eligible patients in this study should have been treated with ␤-blockade, and despite more limited data, aspirin and HMG-CoA reductase inhibitor ('statin') therapy as well. 12 It seems positive predictive value is therefore of particular importance: which patient needs additional life-saving therapy? The early diagnosis of an acute coronary syndrome might call for escalation of therapy with additional antiplatelet and/or antithrombotic agents and possibly cardiac catheterization with coronary revascularization if indicated. All of these measures need to be applied judiciously in the postoperative setting when the risk of hemorrhagic complication is high. Cardiac TnI had a positive predictive value of 40%: applying a therapy based on a positive cTnI would therefore be inappropriately applied 60% of the time. The negative predictive value is nearly 95%; however, it is not clear what the treating physician might do with this information.
We would recommend postoperative measurement of cardiac biomarkers when there are symptoms or signs suggestive of myocardial ischemia, but would not recommend surveillance measurement in the absence of these. We interpret the data of Mohler and colleagues as supportive of this approach because positive cardiac biomarkers are more likely to occur in patients without than in patients with an MI or cardiovascular death. More data and evidence of benefit from a subsequent treatment adjustment are needed before routine surveillance of cardiac biomarkers postoperatively can be recommended. Prognostic information provides value when intervention may be applied to affect outcome. A new diagnostic strategy requires proof of benefit, not proof of surveillance.
